Although temporo-parietal cortices mediate spatial navigation in animals and humans, the neural correlates of reward-based spatial learning are less well known. Twenty-five healthy adults performed a virtual reality fMRI task that required learning to use extra-maze cues to navigate an 8-arm radial maze and find hidden rewards. Searching the maze in the spatial learning condition compared to the control conditions was associated with activation of temporo-parietal regions, albeit not including the hippocampus. The receipt of rewards was associated with activation of the hippocampus in a control condition when using the extra-maze cues for navigation was rendered impossible by randomizing the spatial location of cues. Our novel experimental design allowed us to assess the differential contributions of the hippocampus and other temporo-parietal areas to searching and reward processing during reward-based spatial learning. This translational research will permit parallel studies in animals and humans to establish the functional similarity of learning systems across species; cellular and molecular studies in animals may then inform the effects of manipulations on these systems in humans, and fMRI studies in humans may inform the interpretation and relevance of findings in animals.
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Introduction
Previous fMRI studies of spatial navigation within virtual reality (VR) environments have consistently identified a network of regions -including the hippocampus, parahippocampus, retrosplenial cortex, and posterior parietal cortex -that are engaged during virtual navigation relative to non-navigational control tasks However, many of these control tasks differed from the navigation tasks on salient features, such as the form of visual stimuli, motor demands, task instructions, or cognitive effort required for navigation, thereby precluding full isolation of the neural correlates of spatial learning in standard functional imaging subtraction paradigms. In addition, none of the prior fMRI studies have directly assessed the role of reward in spatial learning.
Our VR task for spatial learning is directly analogous to the standard "win-shift" radial-arm maze paradigm that has been used to study spatial learning and memory in animals. This paradigm involves navigation of a maze with 8 identically appearing arms extending outward from a central platform that has extra-maze objects visible from within the maze. Rodents obtain food rewards by visiting each arm of the maze once, with re-entries into maze arms previously visited scored as errors. Because performance on this task requires rodents to remember those arms that have been previously visited, it is regarded as a prototypical test of spatial memory or cognitive mapping. Extensive evidence from animal studies employing lesions (Olton & Samuelson, 1976; Packard, Hirsh, & White, 1989) and pharmacological stimulation (Packard & White, 1991) have demonstrated that the hippocampus contributes to performance on the win-shift radial maze task.
Analogous fMRI studies in humans can complement these radial-arm maze studies of spatial learning in animals. For example, fMRI studies can more readily and simultaneously assess the differential involvement of brain regions other than the hippocampus in spatial learning. In addition, fMRI studies can disentangle the roles of reward and learning in reward-based spatial learning, and they more readily can study of de novo learning, without requiring prior training as in animal studies.
